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INTRODUCTION

Three trallers were equipped with analyzers and allied equipment
to detect ambient levels of primary and secondary air pollutants.
They were designed to provide a semi-fixed monitoring package to
obtaln data for regional alr quality modeling. Total hydrocarbons
(THC), methane (CHu), non~methane hydrocarbons (NMC)(THC CHM)
oxides of nitrogen (NOX, NO, NO ), ozone (0 ), and carbon monoxide
(CO) can be measured with these monitoring packages.

These traller units have been used to obtaln two extensive air
quality data bases. The first use was in San Diego where data

were obtained for use in the regional modeling activity utilizing
Scilence Applications Incorporated's model MADCAP (Model of
Advection, Diffuslon and Chemistry of Air Pollution). The other
use was in Sacramento where the data will be used to valildate
System“AQplications Incorporated’s regional'model (SAT Photo-.
chemiéaluAir Shed Model). When the trailer unlts are in use they _
are located in widely separated areas to obtain data for temporal h _
and spatial alr pollutant distribution representative of a speclfic_.
study area. Climatological and source strength (traffic) condi- ‘
tions are considered in locating the traller units in various study-
areas,

The trailers are used in conjunction with air pollution control
district (APCD) fixed stations to obtain pollutant concentration
data. Mechanical weather stations are located in the area to
supplement any acceptable permanent meteorologlcal stations such
as alrports, and National Weather Service stations.
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" DISCUSSION

The trailer units were selected to compliment the other alr quality
monitoringzequipment‘fabricatédzby Caltrans, DMohile vans have been
equipped-mith.air-qualmﬁy-analyzers and most distriets have carbon
monoxide:analyzehS‘in-their laboratories for bag sample analysis,
The trailer units have heen very effective for their Intended use
during the first two -applications.

-TraqiénS'

To provide & rélatively inexpensive means of housing the airp
monitoring gquiﬁment;ﬁthe-Caltrans Transportation Laboratory
selected’ a ‘commercially avallable trailer. This 22 foot (6,71 m)
long by 8 foot (2,44 m) wide office trailer was typical of mobile
home construction bedng: finlshed inside with paneling, fluorescent
lights; wald-moutrited receptacles, wall mounted heater/air condi-
tiener, and .equipped tohandle 110 volt AC power. The total power
1oadﬂﬁas*caidh&aﬁaﬂﬁtbﬁue‘30 amps of 110 VAC power and all
monitoring siites’ Have ‘the requirement of access to this type power.
The interlor of the traller was modified ﬁith the addition of one
4 foot (1.22 m) base cabinet with plywood top, one Budd 70 inch
(178 em) 4instrument rack, oylinder anchor chains mounted to the
rear wall, and a frame and panel for the recorders (see Flgures 1
and .2). o '

The cabinet provides a surface to mount the carbon monoxide
analyzer and glves storage drawers, etc. The ilnstrument rack 1s
fastened to the floor and to the wall studs. It 1s the container
for the other analyzers and some support equipment for the hydro-

carbon analyzer.
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Fig. 1 Trailer interior. Rack right center
holds analyzers for ozone, oxides of
nitrogen, and hydrocarbons. '

Fig. 2 Recorder package and data acquisition
{(Cassatte Magnetic Tape)
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Other support items sudh as the air Comﬁressor and related ailr
drieprs are mounted directly to the floor and the wall.

Due to the size of original wiring, an additional circult was
installed leading to the instrument rack location wlth condult
and a surface mounted 4 receptacle boX.

Exterior Power Connectlon

The trailer was modifled to meet 511 OSHA safety requirements for
exterior wiring. A 220 VAC heavy duty cord and breaker box were
installed. The pigtail end has a standard 4 prong male connector
for 220 VAC power with a weatherproof box (shielded female
receptacle) for post mounting supplied for hard wiring at each
trailer site. '

" Samplirng System

These trailersiafé a basic assembly of analyzers and support
systems, and utilize the simplest sampling system possible. Each
analyzer has 1ts own.lfu" (0.64 cm) teflon sample supply line

from outside the trai1er. They are bundled in one plece of conduilt
that raises 8 feet (2.44 m) above the trailer and ends in an upside
down plastic beaker (see Figure 3) for rain protection. Each line
enters the wall through a stainless steel bulk head fitting and
travels directly toAthe analyzer (see Figure 4). Therefore, the
analyzer pump 1ls the only sample supply component requlred.

Carbon Monoxlde

The Carbon Monoxide Analyzer is a Beckman Model 865 NDIR, which

1s a short path infrared absorption method instrument with a
flowing reference. Tﬁe flowing reference 1is a replacement for

a sealed, nitrogen fiiled, reference previously used in CO analyzer
instruments. It consists of ambient'air scrubbed of Carbon

www fastio.com
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Fig. 3 Sample Mast . .
with Rain Shield ~ Fig. 4 Sample Lines Inlet
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Monoxide and'then'passes at the same flow rate as the sample cell

of 1 liter/minute (0.035 ft3/min.) This reduces Carbon Dloxide
and water vapor interference due to the fact that both sides of
the detection system see the same concentratlions of the inter-
fering gases. The same CO scrubber system 1s used for zeroing the
instrument. Therefore, all the analyzer requires for support 1s

a sample pump, lines, and proper span gaSes (see Pigure 5), 'The

’analyzer flow system is diagrammed in the Appendix Figures 8
and 9. '

This'analyzer has proven to be very sensitive to vibration and

. requires desensitlizing to damp out compressor cycling, door
'closing, foot steps, ete., eventhough the traller ls supported

on 1ts wheels and U corner jacks (see Figure 6). If these
analyzers are to be used in the future in trailers or vans, an

adeQuate shock mounting system or lsolation must be devised. The
manufacturer's solution was to desensitize the electronics yet
have repeatabllity and accuracy.

Ozone

Ozone analysis 1s accomplished by the ultraviolet light absorption
method. The analyéer selected 1s a Dasibil Model 1003AH Ozone
Analyzer which 1s diagrammed in the Appendix Figure 10. This
device requires no outside support equipment or gases. It 1s a
very stable instrument and will operate satisfactorily for 2 to

3 months between calibraticns. Electronic checks are built into
the detectlon system and allow the operator to check for lamp
Aegradation and clouding of the opties. The maln problem is this
syétem is a relatively rapld build up of dirt in the absorption
chamber which reduces the effectiveness of the instrument. Ambient
levels of ozone are affected by filter materlals. Because of this,
filters are not used 1n the sample system and dirt passes through.
A solutlon to thils may be some type of collector or settling
chamber to prevent carry through and settling out In the optical
absorption chamber,
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Y " "Pig. 5  Carbon Monoxide “Analyzer and Sample Pump

Fig. 6. Air Monitoring Trailer
Typical Site Location
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In the trallers, as constructed, disassembly and cleaning of the
optic absorption chamber are required on a 1-1/2 month to 2 month
basis. This is not a difficult job but 1s time-consuming.

Calibration of the ozone analyzer 1s accomplished with an ozone

generator and cross checked with wet chemical analysis methods

(absorption by 1% buffered potassium iodide). The resulting color

1s read with a Spectrometer. Recent methods utilize a Dasibi

Reference Analyzer with primary calibration by a long path photo-
- meter,

derocarbdns

Hydrocarbons are measured as total (THC), methane (CHH), and
non-methane (NMHC) for a reactive hydrocarbon reading. The
instrument used is a Bendix Model 8201 Gas Chromatograph (G.C.)
using Flame Ionization Deteection (¥F.I.D. ) The schematic dlagrams
for this analyzer are Filgures 11, 12, and\13 in the Appendix.
This analyzer 1s specifically designed to qeasure amblent levels
of hydrocarbons. It separates CHy from the total by absorption
and sequential release of compounds from the G.C. columns. The
F.I.D. gives a signal corresponding to the peak height for each
compound which is proportiocnal to the amount of that pollutant in
the air sample, ° '

This analyzer 1s calibrated with cylinders of span gases. Methane
(4-5 ppm) in air 1s the gas mixture used for spanning. It is
important that all support gases, carrier air, hydrogen, etc.,, be
free of éontaminants such as hydrocarbons or moisture. Thererfore,
all carrier air is scrubbed with a2 thermal catalytic device to
oxidize ‘any stray ‘hydrocarbons to an acceptadbls level. In addi-
tion the alr (compressor supplied) and hydrosen are dried by
passing through silica gel to prevent column contamination and
interferences (see Figure 7).

ClibPD www fastio.com
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The Supﬁort equipment required 1is an air compressor with a
reservolr, a drier assembly, a hydrogen (H2) generator (see
Figure 8) or cylinder hydrogen, a drier for Hy including
molecular sieves to insure hydrocarbon free supply, sample pump
and related plumbing to provide a secure system. It is very
Important to clean all fittings and sample flow system parts to
remove residual olls and greases. A component installed by hand
with normal skin olls will elevate the background stgnal 5 or 10
times above normal for as long as a week (the time for the air
sample to absorb it off the walls or valve stems, etc.)

It has been found that cleaning all sample related parts with
methanol, rinsing with distilled H2O and drying with dry nitrogen
minimizes the problem. After cleaning and installing new "O"

rings on G.C. valve stems, 1%t is recommended that a light coating
of gilicone stopcock grease be applied for long life of the O-rings
and freedom from valve jamming. This non-hydrocarbon grease

does not interfere with the analysis yet protects the seals.

The F.I.D. vent expels combustion generated condensate but must
be free to the atmosphere to prevent errors due to flow changes.,
Therefore a collection jar or container must be provided to
collect condensate from this vent but with free venting.

All hydrogen plumbing should consist of refrigeration grade copper
tubing to prevent hydrocarbon contamination and provide a semi-
rigld conductor which 1s less subject to rupture than plastic
tubing.

" Oxideg of Nitrogen

A chemiluminescence type analyzer 1s used for the detectlon of
Nitric Oxide (NO) in ambient air. The chemilluminescent method
of nitrlc oxide analysis is based upon tﬁe principle that nitrie

www . fastio.com
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Fig. 7 Air,cdﬁpiéésof
Drier System

r
. .
o

‘Hydrogen Generator
and Drier System
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JFig. 9 Rear Support System for NO_ Analyzer
(Top Two) and THC Analyzer }fBottqm)
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give riltrogen dioxide (NOQ),
oxygen (02), and about 10 percent eléctronically exclted NO, ¥,
The transition &f eléctronically &xcited NO,* to its normal state
gives a light éniissien (hv) betiieen 590-2750 nm, 1.e,:

‘‘‘‘‘

NO + 0395 N@Q'%jﬁdé* + 0,
NO,* = No, + hv
In the presence Of &h eXCE8s amouNt of ozone, the intensity orf
this emission is Proportischal t6 tha mass flow rate of nitrie
oxide into the rédetion thamber. Ozone fop the reaction is
generated by paééiﬁg_éif oVer an ultraviolet light source, As
ozone and nitri¢ oxide mix; the chemiluminescent reaction produces
a light emissioh which is Propdrticnal to NO concentration and is
measured by the ﬁhﬁtdﬁuitiﬁliéf tube:

the reaction,

No, WO ¥H - w

NO + 0 é_Noé.# N@E* + 0,

NOE* = Noé + hH¥y
The ahalyzer sélécféd, Monitor Labs Model] 8440, operates somewhat
differently than othep chemiluminescent NOX analyzers as it has a
-dual detection system. This replidces 8yeling the sample through
one detector. The operational schematie dlagrams are given in
Figures 14, 15 and 16 in the Appendix. In addition, it has a
signal chopper systém to reduce interferences by scanning for the
signal only on the f%éﬁuehcy génerateéd by the rotating photochoppers.,
The 8340 works at g vacuum of 18" (4g, 7 em) Heg in the reaction cell
and controls flows by the eritical orifice flow method. It has

12
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two system checks bullt in, one an electronic test, the other
a light emitting diode in the reaction cell to simulate the
s8ignal for testing the photomultiplier tube. '

This analyzer is calibrated hy-injécting a sample containing NO
(about 3-1 ppm) in dry nitrogen from an aluminum cylinder. Zero
level is set by one of two methods, either by shutting off the

ozone supply to the reaction cell, thereby elliminating the
reaction or by using a NO—-NO2 scrubber to strip these components
from the sample input.

The NO2 converter 1s tested for efflciency every three months by
the Department of Health, Air and Industrial Laboratory (ATHL)

during primary calibration.

Data Recording

There are two methods of recording data in these trailers. One
ig the basic strip chart recorder using one per signal channel
(total 8 per trailer). The other is 3 cassette magnetic tape
data acquisition system that samples the signals and records them
on magnhetic tape for computer reduction, ¥

The magnetilc tape system 1s the Primary data source and the strip
charts are used as a back up.,

The recorders used were made by Esterline Angus Co., model "Mini-
Servo" MS401 with Z-fold paper. These units were modified for

our use by changing the location of zero and span adjustments from
the housing side to the front upper corners. The right top corner
inside for span; the upper left inside corner for zero. This
allows easy adjustment when the recorder is panel mounted as 1n
trailer usage.

¥See report AUTOMATED METHODS OF ACQUIRING AND REDUCING
AEROMETRTIC DATA - CA-DOT-TL~7157-1-76-08 Marech 1976

13
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The strip chart paper is of Z-fold type 100 em (39.1 inch) active
width and feeds at 15 em (5.9 inch) per hour. One strip chart
lasts about 5 days. This requires changing the paper and the
magnetlic tapes once a week.

The instruments are checked for zero and proper operatlion 3 times
a week, usually on a Monday, Wednesday, Frlday schedule. Driers,
H2 generator, magnetic tape drive, compressors, flow rates,
pressures, and recorders are also checked then. On the average,
the NO# and THC analyzers are calibrated with span gases every
two weeks. The CO analyzer 1s zeroed and spanned every visit to
the trailer to compensate for drift in this particular model of
instrument.

On a three month basis, the equipment 1s calibrated by AIHL and
a cross check 1s performed on the gases used for routine span
tests. . ATHL uses U.S. Environmental Protection Agency (EPA)
recommended methods and National Bureau of Standard Reference
Materials where avallable,

Strip chart recorders are checked with a DC voltage standard for

span and linearlty when new and on a 6 month basis thereafter.

The magnetic tape data recording system had bench testing performed
‘ before application using known DC voltages for various input

channels. Then the magnetic tape reader output was checked for

accuracy.

14

ChibPDF - www.fastio.com


http://www.fastio.com/

Field Usage Experiernce

Three trailers of this design have been 1n field usage for two
years. There have been minimal problems with the setup as
designed. There has been only one case of vandallsm and that
was limited to pulling a sample line down and out of the sample
mast. This allowed dirt to be pulled into the THC sample pump

and required disassembly and cleaning of the pump valve body fto
correct a malfunction.

The air conditioning has been adequate to mailntain 80°F (27°C)

or below on hot summer days when the ambient temperature reaches
100°-110°F (38°-43°C).

15
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ANALYZERS AND SUPPORT

SYSTEM DIAGRAMS
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INTRODUCTION

Between 1971 ang 1976 about 300‘miles (483 km) of New Jersey
shape concrete median barrier (CMB) was built on California
highways. Virtually none of this type of barrier existeq
before that time in Califofnia. The New Jersey shape CMB

design has been enthusiastically promoted during this short

time because of its good impact performance, its low maintenance

costs, its low first cost and its relatively Pleasing appearance.

This project was initiated in January 1976 after a report (1)#
by the Value Engineering Branch of the California Department

of Transportation'(Caltrans) indicated that the CMB (California
Type 50 and Type 500C) might still be funetional without its
continuous concrete footing.

A cost savings of $3.80 per lineal foot was estimated for the
standard 32 inch (813 mm) high CMB (Type 50) without a foot-
ing. This barrier is commonly used in flat narrow medians,

A cost savings of $4.35 per lineal foot was anticipated for
the Type 50C cMB design without a footing This design is
used exclusively where offsets in elevation oceup between
Opposing roadways. The cost estimate wag based on an average
differential height of 10 inches (254 mm) which makes the
overall height of the barrier 42 inches (1.1 m). The maximum
offset allowed in California for Type 50C CMB is 36 inches
(914 mm).

#*Numbers underlined in parentheses refer to g reference 1list
at the end of this report.,
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In the 1976-77 fiscal year about 112 miles (180 km) of CMB
{(all types) were scheduled for construction 1in Galifornia.

In recent years, the ratio of Type 50 and Type 50C CMB (both
cast-in-place and slipformed) to all other types of CMB were
58% and 35% respectively. Using these ratlos and the cost
savings per lineal foot for these designs, a total possible
cost savings of about 42,200,000 could have resulted by
eliminating the concrete footings. In addition, construction
time could be reduced if the footings were eliminated. It 18
expected that similar 1evels of new CMB construction will
continue in the next few years.

The cost savings above are based on the elimination of the
footings with no other conditions changed. Provisions for
an adequate bearing surface (pavement or compacted base)
needed for the barrier in some locations could reduce the
projected cost savings.

The purpose of this project was to test the structural
strength and stabillty of continuous CMB without a footing.
gince 1967 Caltrans has previously evaluated three New Jersey
shape CMB designs with diffefent foundation anchorage systems
for structural adequacy by conducting ecrash tests, Figure 1.
Other agencies (2,3,4,5) have qualified similar CMB designs.

In addition Caltrans has conducted full scale impact tests(6)
on Ffreestanding precast segments of New Jersey shape CMB,
12.5 £t and 20 £t t3.8 and 6.1 m) long, with pinned end
connections. These barrier segments when impacted at impact
speeds/angles of about 65 mph (29 m/s)/25 degree (0. 44 rad)
moved lateraliy and rotated excessively causing yehicle
vaulting and other undesirable vehicle behavior.

It was concluded that CMB cast—in-place or slipformed
continuously without a footing might fall somewhere between

2
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'%ﬁeystfehgfhjah§$3taﬁility range of barriers with footings

and the freestaﬁding precast CMB designs which were unacceptable
for severe impact conditions. Therefore, a crash test of a

New Jersey shape CMB without a footing was warranted.

This report desgribes the results of a vehicular impact,
4700 1b (2130 kg) vehicle/61 mph (27 m/s)/26 degrees (0.46 rad),
into the CMB without a footing as shown below:

6 {152 mm)

*#2(12. 7mm) rebar

! . 6" (152mm)
continuous

2 172" (64mm)
{_A_C. Surface

A second impabﬁ test of a CMB design {(Type 50C) used in saw-
tooth medlans without a footing was also scheduled for this
’projeét. HoweVer, this test was not conducted due to the
favorable strength and stability results from the first test.

This report also summarizes and discusses other large angle

passengér vehicle tests and all heavy vehicle impact tests
conducted on other permanent CMB designs.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

« The followlng conclusions were based on the results of s
4700 1b (2130 kg) vehicle/61 mph (27 m/s)/26 degree (0.46 rad)
impact test, Test 321, of a lightly reinforced continuous
New Jersey shape concrete median barrier (CMB) cast without
a concrete foofing on an asphalt concrete surface:

* The structural strength and stability of the barrier
were not affected by eliminating the 10 inch (254 mm)
deep concrete foobting specified for use with cast-in-place
or slipformed New Jersey shape CMB (Type 50) in the 1975
California Standard Plans. The test barrier did not
move laterally or rotate about its longitudinal axis
during impact.

The test barrier suffered no structural damage even
though the point of impact occurred at one of five
shrinkage cracks which were allowed to fornm randomly
during construction. There were no construction or
contraction joints in the test barrier.

During this severe Impact test, the test vehicle rolled
over after it was redirected by the CMB., The rollover
was caused primarily by excessive rolling and yawing
motlons of the vehicle and was not related to the fact
the barrier had no footing.

The uncontrolled posterash rollover trajectory of the
test vehicle, if occurring on a highway, would be
hazardous to adjacent traffic and might cause a secondary
accildent.
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*&'Bagéd‘6ﬁﬂfﬂé&f§%6raﬁle'strength and stability results
of Test 321 the second impact test planned for this
project on a similar design, the California Type 50C
CMB for "sawtooth" medians, was not conducted. It was
concluded that lateral barrier movement and rotation
were unlikely to occur with this sawtooth CMB design
due to its mass per lineal foot which would have been

up to three times greater than the mass of the barrier
- used in Test 321.

Recommendations

‘The following recommendations are based on the results of
Test 321 described in this report, and on a review of other
large angle passenger vehlcle and heavy vehicle tests

“summarized In Table 1 of the Discussion of Results section
of the report:

¢ The 24 inch (610 mm) wide by 10 inch (254 mm) deep
continuocus concrete footing shown in the California
'1975 Standard Plans should be eliminated from all types
of CMB except at the ends of the barrier. The last

10 £t (3.1 m) of the CMB should retain that footing and
the barrier should be reinforced ét these locations.

The California Type 50 and 50C CMB should include four
continuous longitudinal We. 4 (12.7 mm) steel reinforecing
bars (Grade 60) as shown below to prevent any loss in
reserve lateral strength resulting from removal of the
concrete footlng. The reinforcing bars at the top of

the barrier are needed to helb contain chunks of concrete
from falling into opposing traffic lanes during a punchout
failure when the barrier is hit at a large angle. The
bars at the bottom of the barrier should help minimize
lateral barrier movement.
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‘ll .
6 (152 mm)

%(IZ.?mm) rebars

1]
continuous {152mm)

_t

3" (76mm)

emm

The New Jersey CMB withcout a footing should be cast

directly on top of asphalt concrete, portland cement
concrete, or a well compacted aggregate base.

There may be situations or site conditions where additional
restraint against lateral translation may be required or
warranted. For such non-standard conditions the use of

a footing, an abutting asphalt concrete overlay, dowels,

or other alternate designs may be required. Caltrans
Headguarters should be consulted for the use of special
details which deviate from the "Standard" design.

®* The use of a 10 inch (254 mm) by 24 inch (610 mm) footing
could be considered as a viable Contractor alternative to
the placement of a prepared base as required in the third
recommendation above. For such an alternate the lower
two No. U4 (12,7 mm) steel reinforcing bars would not be
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pequired. This design may be necessary for unique road-—

way condiftions.

®* The placement

cable barrier
could also he
in whiech case

of the Type 50 CMB over an existing lowered
in accordance with Caltrans special details
considered as a viable Contractor alternative
the lower two No. 4 (12.7 mm) steel

reinforcing bars would not be required.
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IMPLEMENTATION

Special details AT75-A4.5 and AT5-B.4 of the 1977 California

) Standard Plans, Flgures 2 and 3, show the lmplementation of
the recommendations of this research report. The 10 inch
(254 mm) deep concrete footings have been removed from Concrete
Barrier Type 50 and Type 50C and the extra longitudinal
reinforeing bars have been added to these designs. Also,
details have been added to anchor the last 10 ft (3.1 m) of
the CMB with a concrete footing.
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" TECHNICAL DISCUSSION

Test Faeciliby and Equlipment

The1ﬁehicular impaét test was conducted at the Caltrans
Dynamic Test Fécility in Bryte, California. The test vehicle
complied with NCHRP Report 153(;g). A description of test
egquipment mounted'on‘the test vehicle is included in the
Appendix. Also ineluded is a detailed description of the

photographic and electronic data collection equipment used
for the tesbt.

Barrier Design and Construction

The 120 ft §36.6 m) long test barrier was cast-in-place without

a footing on top of a 2 1/2 inch (64 mm) thick asphalt concrete
surface, Figure 4. '

Figure 4, Test Barrier

12
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The barriler contailned two cohtinﬁous longitudinal No. 4
(12.7 mm) steel reinforcing bars (Grade 40) placed at 6 and
12 inches (152 and 305 mm) down from the top of the barrier.

There were no constructidn or contraction joints in the test
barrier section, however, random shrinkage cracks appeared at
26.3, 37, 60, 75.4, and 90 feet (8.0, 11.3, 18.3, 23.0, and
27.4 m) from the upstream end on both sides of the barrier. A
typical shrinkage crack is shown in Figure 5.

Impact Side Back Face

Figure 5, Shrinkage Crack at Middle of Test Barrier, Sta. 60+00

13
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A concrete mix desigﬁ:wiﬁh 6 sacks of:portland cement per cubilc
yard (0 77 m3) and 1 inch (25 mm) maximum size aggregate was
used. This mix de51gn was similar to that used for constructing
New Jersey CMB with a slipforming machine. The 28 day
compressive Strength of the concrete was 4504 psi (31.1 MPa).

The strength of the concrete at the time of the crash test,
the_36th day, was 4738 psi (32.7 MPa).

Small cracks in the asphalt concrete paving at each end of
the test barrler were evidence of a developed bond strength
'between the bottom of the barrier and the paving which did

not fail during longitudinal shrinkage of the concrete barrier.

\Test-Results

Lom

. Test 321: 700 1b (2130 ke) veniele/61 mph. (27 m/3)/26
‘degrees (0.46 rad)

3

Polara sedan impacted the middle of the concrete median
barrier'59 feet (18 m) from its upstream end. During the

‘:initial impaet,.the right front wheel was forced under the

'l_vehicle towards the barrier. As the vehicle climbed and

'3r;began to roll away from the barrier, the vehicle momentarily

"pivoted about its lowered right front wheel allowing the

”;Plght side of the vehicle to approach the ground. During the

Tpilvoting mofibn, the'left'back-Side of the vehicle swung

_f_around to impact the barrler. At this instant the vehicle,

,h having rolled 24 degrees (0. Y2 rad) away from the barrier,
grazed only the top edge of the barrier. The vehicle remained
in contact with'the barrier for 16 feet (4.9 m). It continued
to roll and yaw clookwiae while traveling adjacent to the
barrier, becomlng airborne for about 5 feet (1.5 m) and
attainlng a maximum height of 5.5 feet (1.7 m) above ground
(measured.at the left rear bumper). The vehicle reached the

14
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end.of the barrier at an attitude hearly perpendicular to the
barrier. During this time 1t reached a maximum roll angle

of 48 degrees (0.84 rad). Returning to the ground, the
vehicle rolled counterclockwise, rolling over once, and came
to rest approximately 103 feet (31.4 m) from the end of the
barrier., In this position, the vehicle was 23 feet (7.0 m)
away from the impact side of the barrier and faced back
towards the impact area almost parallel to the centerline of
the barrier. Figufe 8, at the end of the Test Results section
of this report, summarilzes the data for Test 321 and includes
sequential Iimpact photographs and a vehicle trajectory diagram.

Barrier Performance and Damage -~ The test barrier
redirected the impacting vehicle. The vehicle did not
penetrate or vault the barrier,

There was no permanent lateral barrier movement during the
test. A maximum dynamic lateral barrier deflection of 1/4
inch (6 mm) was recorded at a point 5 feet (1.5 m) downstream
from initial barrier contact 0.093 seconds after impact.
Figure 6A in the Appendix shows the barrier deflection versus
time plots of four defléction potentiometers located 6 inches
(152 mm) down from the top of the barrier and placed along

the barrier at 10 foot (3.1 m) intervals.

The barrier did not cerack or sustain any structural damage
during the test. Beginning at the point of impact, the
barrier was scuffed and scraped for about 16 feet (4.9 m),
as shown in Figure 6.

Impact occurred at a shrinkage c¢rack located in the middle of
the barrier at 60 feet (18 m). There was no apparent change
in the width of this crack after the test. There was also

no change in the size of the other shrinkage cracks as a
result of impact. '

15
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Figure 6, Scuff Marks and Scrapes on Barrier

Vehicle Damage -~ The test vehicle was severely damaged
from the barrier impact and the resulting vehicle rollover,
Figure 7" The left front qﬁarter panel was crushed back under
the vehicle. The floor of the vehicle in the vicinity of tﬂe
brake pedal was slightly pushed up into the passenger
compartment; however, there was no intrusion of vehicle orp
barrier components. Damage resulting from the vehicle rollover
included crushing in of the top of the vehicle about 6 inches
(152 mm), broken front and back windshield glass, dents along
both sides and on top of the trunk area of the vehiecle, and
ejection of the vehicle's batﬁery; The battery was found
about 60 feet (18 m) away from the end of the barrier and
about.1ll feet (3.4 m) in front of it. Assessment of vehicle
damage according to the Traffic Accident Scale (TAD)(7) and

Vehicle Damage Index (VDI}(8) was as follows:

TAD: LFQ-5, LD-3, L&T-5
VDI: 11LFEW5, 00TYGO3

16
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Figure 7,

Vehicle Damage
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Discussion of Results

Safety performance of the CMB used in Test 321 can be Jjudged
by comparison with the three appraisal factors, defined in
NCHRP Report 153 "Recommended Procedures for Vehicle Crash
Testing of Highway Appurtenances"(1l2). These factors are
Structural adequacy, impact severity, and vehicle trajectory
and are discussed in the following three sections of the
report.

Table 1 summarizes data from other tests on CMB and can also
be used on a relative basis for judging the results of Test
321. TInecluded in the table in chronological order are data
from tests on four CMB designs tested at 25 degrees (0.44 rad)
by Caltrans since 1967Q21;g,;;) along with other large angle
tests of similar'designs conducted by the Texas Transportation
Institute (TTT)(2) and the National Institute for Road Safety
(NIRS) of France(4). Also included for comparison are three
48,800 1b (22,100 kg) tractor/trailer truck tests conducted
by TTI(3), a 21,650 1b (9,830 kg) tank truck test by NIRS(4),
and three 40,000 1b (18,200 kg) scenicruiser bus tests
conducted by Southwest Research Institute (SWRI)(5) on CMB,

Structural Adequacy - The test‘barrier redlrected the

test vehicle without moving laterally, rotating, or sustaining
any structural damage. The barrier did not crack during the
test. The point of impact was located at a shrinkage crack.
This crack, however, did not widen from the impact. Other
than removing the scuff marks on the face of the barrier,
little maintenance would be required. The gouges in the face
of the barrier probably could be neglected. '

The test vehicle did not penetrate or vault the barpier.

However, during lmpact it went through a serieg of strong
yawlng and rolling motions. The roll was 24 degrees (0.42 rad)

19
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JABLE 1, continued
DATA SUMMARY OF LARGE ANGLE PASSENGER VEHICLE
AND HEAVY VEHICLE CMB CRASH TESTS
Footnotes for Table ]
€1} ctalifornia Division of Highways, report reference 9.
(2) california Division of Highways, report reference 10.
(3) Texas Transportation Institute, report reference 2,
{#) Texas Transportation Institute, report reference 3.
(5) california bDepartment of Transportation, report reference 11.
(6} National Institute for Road Safety, report reference 4,
{(7) Southwest Research Institute, report reference 5.
(8) All have the New Jersey median barrjer cross section except CMB-1,
CMB-2, CMB-5, CMB-6 and CMB-7 which are 2" wider at the top and
3" wider at the bottom.
(9) Maximum 50 millisecond accelerometer averages except for CMB-1,
CMB-2, CMB-2], CMB-22, CHMB-23, MI-ISC 01/319 and Ts-15¢ 02/320.
(10) Maximum/average deceleration values
(11) Peak deceleration values.
(12) Maximum 50 millisecond averages obtained from high speed film apalysis
(13) Direction of travel of vehicle c.g. immediately following final
contact with barrier.
(14) Maximum height above ground of the left front wheel uniess noted.
(15) Rise of center of front bumper/rise of center of mass of truck cab.
{16) Maximum rotation about the longTtudinal axis of the vehicle away
from the face of the barrier unless noted.
(i17) Trailer roli only.
g
” (18) Roll toward barrier.
(19) Velocity of vehicle c.g. immediately following final contact
with barrier.
(20) Front wheels locked in straight ahead steering position prior
to impact.
(21) Right front tire airborne for 0.3 seconds.
(22) Maximum lateral distance of vehicle travel (includes width of
vehicle) from face of barrier after impact.
{23) m{V sitn@)2
2
(24) Maximum rise above ground of left rear quarter panel of vehicle.
Metric Conversions
1 in. = 25.4mm 1 deg. = 0.0175 rad.
1 ft. = 0.305 m 1ft.~1b= 1.36 4
1 1b. = 0.454kqg 1 mph = 0.447 m/s
21
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wheﬁ?the v;hicle wéé pafallel with the barrier and incurred

a light secondary impact (backslap). This Poll angle increased
to 48 degrees (0.84 rad) before the vehicle rolled the other
way. Eventually 1t rolled over after it was redirected.

In domparison, large roll angles between 28 and 43 degrees

_(0.49 and 0.75 rad) were also reported for some of the earlier

25 degree (0.44 rad) impact tests of a prestressed CMB without
a footing conducted by Caltrans in 1972, Table 1. Further
analjsis of these tests (Tests 262 to 265) indicated vehicle
roll angles of 21 degrees (0.37 rad) at the time of thelr
secondary impacts. Two of the four vehicles in these tests
(Tests 262 and 263) rolled over after being redirected. Yaw
angles approaching 90 degrees (1.58 rad) also contributed

£o the vehicle rollovers for these tests.

In contrast, the vehicle for Caltrans Test 301, Table 1, did
not yaw exceséively and the roll angle of the vehilcle at the
time of its seeondary impact'was only 11 degrees (0.19 rad).
Iﬁ did not roll over. )

Hence, it appears that in severe impact tests with 4500 1b
(2040 kg) vehicles having impact speeds/angles of 60-65 mph

- (27-29 m/s)/25 degrées (0.44 rad) there is a likely possibility
of vehicle rollovers. Slight differences in vehicle suspensions

and crushability or other variables are critical.

. The lack of a footing, however, did not influence vehicle

roll in Caltrans Test 321.

The results of heavy vehicle tests of CMB were included in
Table 1 to point out the ability of New Jersey CMB without

footings to contain heavy vehicles. The three TTI tractor/

trailer truck tests, CMB-5, CMB-6, and CMB-7 cannot be compared

directly with the other heavy vehicle tests in Table 1. The

22

wvvwfastio.com


http://www.fastio.com/

ClibPDF -

continuous CMB used for the TTI tests was heavily reinforced
with 8 longitudinal No. 5 (15.9 mm) steel reinforcing bars

and had an 8 inch (203 mm) top width and a 27 inch (686 mm)

base width as opposed to the standard New Jersey shape used

for the other heavy vehicle tests in Table 1. The New Jersey
shape has a top and bottom width of 6 and 24 inches (152 and

610 mm) respectively. Regardless of these differences, however,
the vehicles in the TTI tests were redirected and the test
barrier for these tests did not move laterally or suffer any
structural damage.

The two French tests also summariged in Table 1, MI-ISC 01/319
and TS-ISC 02/320, were conducted on the same barrier design
used for the project of this report. It also contained two
longitudinal steel reinforcing bars, equivalent to the U. S.
standard No. 4 (12.7 mm) rebar, placed in the same locations
as those used for this project. In addition, the French
barrier was slipformed without a concrete footing on an
asphait conerete surface. No lateral barrier mo%ement was
reported for either the 2745 1lb (1250 kg) Peugeot passenger
vehicle test or the 21,650 1b (9830 kg) tank truck test. In
both tests, the vehicles were redirected by the barrier.
There was no barriler damage in the light weight passenger
vehicle test; however, in the truck test an 8 inch by 9 foot
(203 mm x 2.7 m) section of the barrier stem was broken out
during the impact. The lateral impact kinetic energy was
about 66% greater for the ftruck test than that for Test 321.

The three tests conducted by SWRI also verify that New Jersey
shape CMB without a continuous concrete footing can adequately
redirect heavy vehicles. There were three differences in the
barrier for these @ests compared to the barrier used for Test
321. First, only one continuous longitudinal No. 4 (12.7 mm)
steel reinforcing bar was placed in the stem. Second, a 1 inch
(25 mm) layer of asphalt concrete was placed at the base of

23
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" 'the barrier on the side opposite of impact to restrain lateral

barrier movement. Lastly, there were two construction joints

in the barrier, one at 50 feet (15 m) from each end of the

200 foot (61.0 m) barrier section. The longitudinal reinforeing
bar was continuous across these construction joints.

There was no structural barrier damage or lateral barrier
movement in either Tests CMB-21 or CMB-22 conducted by SWRI.
The 40,000 1b (18,141 kg) scenicruser bus, impacting at 11.5
and 5.5 degrees (0.20 and 0.11 rad), was smoothly redirected
during these tests. The lateral kinetic energy for Tests
CMB~21 and CMB-22 was 82% and 42% greater than that for
Caltrans Test 321.

The lateral kinetic energy for SWRI Test CMB-23, which was
conducted with the same scenicruser bus Impacting at 52.9 mph
(23.6 m/s) and 16 degrees (0.28 rad), was .over 2 1/2 times
larger than that for Caltrans Test 321, There was, however,
extensive barrier damage in Test CMB-23. The maximum lateral
movement of the barrier was 31 inches (787 mm). Even though
the barrier was damaged, the heavy bus was redirected. The
New Jersey shape CMB without a footing used for this test
(except for the layer of asphalt concrete restraining lateral

movement) functioned as a longitudinal beam, failing in a

flexural mode. This mode of failure probably would have been

_ quite different if a concrete footing were present. With a

footing the barrier probably would have acted more like a

~cantilever and rotated back away from its vertical axis. If

this happened, the bus might have rolled more toward the barrier.

During the test, the bus rolled 24 degrees (0.41 rad) toward

the barrier. Barrier rotation encourages' vehicle ramping.
Lateral barrier translation thus is a preferable mode of
barrier failure. With this mode of failure barrier ramping is
discouraged. Ramping adversely affects the post crash control-
lability of the vehiecle and could possibly increase the chance
of occupant injury.

24
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Recognizing the differences in possible failure modes bhetween
New Jersey shape CMB with and'without_continuous concrete
footings, the addition of two more steel longitudinal rein-
forcing bars Lo the bars'used in Test 321 1is recommended for
CMB when no concrete footing is used. These extra bars will
increase the lateral strength of the barrier and should
minimize the excessive lateral barrier movement similar to

that reported by SWRI in their heavy vehicle bus test, Test
CMB~23. |

Impact Severity -~ NCHRP Report 153(1l2) recommends that
impact severity for new longitudinal barrier desgigns be
evaluated with an impact test using a 2250 1b (1021 kg)
vehiele having an impact angle of 15 degrees (0.26 rad).
Since the New Jersey profile has already been validated for
these conditions and the obJective of this projeét was to
test the structural strength and stability of a continuous
New Jersey CMB without a concrete footing, no accelerometers
were mounted in the test vehicle. Representative values of
vehicle decelerations for similar large angle passenger
vehicle impacts Into CMB are shown in Table 1. Based on a
comparison of previous Caltrans test results, expected 50
millisecond average lateral and longitudinal vehicle
decelerations would probably be in the range of 11 to 14 g's
(108 to 137 m/sz) and 5 to 12 g's (49 to 118 m/sa),
respectively, for this type of lmpact,

Although maximum vehicle decelerations probably would not

have been significantly affected, fhe severlity of possible
occﬁpant injuries probably would have increased when the
vehiele rolled over. The extent of occupant injuries would
depend to a large extent on the geometry of the vehicle
passenger compartment and the restraint system used by the
passengers. An anthropometric dummy was not used in this test.
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" Vehicle Trijectory Hazard — The final resting position
of the test vehicle after impact is shown on the Data Summary
sheet, Figure 8, in the Test Results section of the report
and in Figure.9 below. |

B ;?”Figufe 9, Vehicle Position After Impact

| The'postcrash'trajectory of the'vehicie probably would have
interfened with the flow of adjacent traffic. The maximum
rebound diStance for the vehicle was 23 feet (7.0 m) from the
‘dmpact side of the barrier. Assuming an 8 foot (2.4 m) shoulder
width next te the CMB and 12 foot (3.7 m) traffic lanes, the
.teSt vehicle would have obstructed about 1 1/3 lanes of
traffic. The vehlcle exited the barrler at about 7 degrees
(0.12" rad) at a speed of about 45 mph (20 m/s) in an uncontrolled
manner. During the subsequent vehicle rollover, the vehicle's
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12-volt battery was ejected and was found about 60 feet (18.3 m)
downstream from the end of the barrier and about 11 feet (3.H m)
from the impact side of the barrier.

The posterash trajectory of the vehicle probably would have
been somewhat different if the test barrier had been longer
than 120 feet (36.6 m). The back 2 feet (610 mm) of the
vehicle would have landed on top of the barrier when the
vehicle reached its maximum yaw attitude nearly perpendicular
to the barrier,
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APPENDIX

Test Vehicle Equipment ang Guidance. System

1. The test vehicle gas tank was disconnected from the fuel
8upply line, drained and refilled with water. A one gallon
(3.79 1) Safety gas tank was installed in the trunk compartment
and connected to the fuel supply line,.

2. Two 12 volt wet—cell storage batteries were mounted on
the floor of the T'eéar seat compartment to Supply power for
the remote control equipment.,

3. A solenoid—valve actuated CO2,system was connected to the
brake line for remote braking, With 700 psl (4.83 MPa) in the
adccumulator tank, the brakes could be locked in less than 100

milliseconds after activation. Brakes are activated by remote
control, ' ' ’

y, The ignition system wag connected to the brake relay in
a failsgfe interlock system. When the brake system was
activated, the vehicle ignition was switched off.,

5. A micro switch was mounted below the front bumper and
connected to the ignition system. A trip line installed nesr
impact triggered the switeh, thus opening the ignition circuit -
and cutting the Vehicle motor prior to impact.

6. The accelerator pedal was linked to a small electric motor
which, when activateqd, opened the throttle. The motor was
activated by a manually thrown switch mounted on - the top of

the rear fender or the test vehiecle. '
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' A cable guidance system was used to direct the vehicle
into the barrier. The .guidance cable, anchored at each end
of the vehicle path,Apassed through.arslipbase guide bracket,
Figure 1A, bolted to the spindle of the right front wheel of
the vehicle. A steel angle bracket, Figure 2A, anchoring the
iend of the cable closest to the parrier to a concrete footing,
projected high énough to knock off the guide bracket thereby
releasing the vehicle from the guidance ecable prior to impact.

B A

o

Figure 1A, Slipbase Guide Bracke®
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Figure 24, Steel Knockoff Bracket

8. The remote brakes were controlled atbt the console traliler,
Figure 3A, by using an instrumentation cable connected between
the vehicle and the electronic jnstrunentation traller, and a
cable from that traller to the console trailer. Any loss of
continuity in these cables caused an aubomatic activation of
the brakes.

g. A speed control device connected between the ﬁegative

side of the coil and the pattery of the vehicle'regulated'the

speed of the test vehicle pased on engine reyolutions per

minute, This device was calibrated prior to the test by

conducting a series of trial runs through a speed trap.composed
.. of two tapeswitches set a known distance apart connected to a

digital timer.
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" FIGURE 3A,  CAMERA LAYOUT —f©

TE ST ‘ 321
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" Photo-Instrumentation

Data film was obtained by using eight high speed Photo-Sonics
Model 16mm-1B cameras, 200—400 frames per second (fps) and a
high speed Redlake Locam camera, 500 fps. These cameras were
located around the barriers as shown in Figure 3A, Camera
Layout. All cameras were electrically actuated from a central
control console, Figure 3A.

All cameras were equipped with timing light generators which

N exposed reddish timing pips on the film at a rate of 1000 per

- second. The pips were used to determine camera frame rates and

tO'establish.time—sequence'relationships. Addltional coverage
of the lmpacts was obtained by a 70mm Hulcher sequencéJcamera and
a 3bmm Hulcher'sequence camera (both operating at 20 frames per
second). Documentary coverage of the tests consisted of normal
speed movies and still photographs taken before, during, and
after each impact. Data from the high speed movies was reduced
on a Vanguard Motion Analyzer, Figure LA,

Figure YA, Vanguard Motion Analyzer
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§00edureé}ﬁéed'to'facilitatezdata reduction for the

' test are listed as follows:

1. Targetdeere attached to the vehicle body and to the

‘barrier.

2. Flashbulbs, mounted on the test vehicle, were electronically

- flashed to establish (a) initial vehicle/barrier contact and

{b) the application of the vehilcle's brakes.

{3. Fite:tabe eﬁitches, placed at 10 foot (3.0 m) intervals,

were attached to the ground perpendicular to the path of the
impacting vehicle beginning 6 feet (1.8 m) from impact.
Flashbulbs were activated sequentlally when the tires of the
test vehicle rolled over the tape switches. The flashbulb

stand was placed in view of all the data cameras and was
oused to correlate the cameras with the impact events.

Electronic ;nStruﬁentation and Data

Three pressure actlvated tape sw1tches were also attached to
the ground beglnning at 5 feet (l 5 m) from impact and spaced
at 12 foot (3.7 m) 1ntervals in the vehicle approach path.
When activated by the  test vehicle tires, these switches
produced sequeptial impulses which were recorded on a fourteen
channel Heiwlett Packard 392ﬂC‘magnetic tape recorder. A time
cycle was also recorded oni tape concurrently with the tape
switeh impulses. The impact velocity of the vehicle was
determlned from these tape SW1tch 1mpulses and timing cycles.

Dynamic barriér deflection was monitored during the test by
four Houston deflectilon potentlometers placed behind the

' barrler, Flgure 54.
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Figure 5A, Deflection Potentiometers
Mounted 4" Feet (1.2 m) Behind Base )
of Barrier

Affer each test, the tape recorder data was played back
through a Visicorder which produced an oseclllographic trace
(line) on paper for each channel of the tape recorder. Each
paper record contained a curve of datsa representing one
potentiometer, signals from the three tape switches, and the
time cycle markings.

The barrier deflection versus time plots and the locations of
the four potentiometers are shown in Figure 6A.
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Figure 6A,BARRIER DEFLECTION VS. TIME

TEST 321, 4700 Ib. VEHICLE, 6l mph,26°
GONTINUOUS CMB WITHOUT A FOOTING
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‘Miidd-le ‘ordinate plots of unfiltered dato from Houston Daflection Potentiomeaters
‘Hocated -6 inches down from top of barrier,
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